protein with a molecular mass of 70 kDa cross-reacts with antibovine vitronectin and promotes cell-spreading (Miyazaki, K. et aL 1992. Exp. Cell Res., 199: 106-110. 
Furthermore, sequencing studies of peptides obtained by lysylendopeptidase digestion indicated that internal sequences of Physarum vitronectin-like protein show significant homology with dihydrolipoamide acetyltransferase, but do not show any homology with the primary structures of authentic vitronectins.
Immunocytochemistry revealed that the protein is widely localized in cytoplasm and nuclei of Physarum polycephalum, but is not present in the central area of vacuoles. Our results indicate that Physarum vitronectin-like protein is a molecule structurally and immunologically related to dihydrolipoamide acetyltransferase but functionally similar to animal vitronectin, although its localization is unique.
Vitronectin (for reviews, see 6, 23, 31) is a glycoprotein existing in animal blood plasma, extracellular matrix, and platelets.
Vitronectin mediates attachment and spreading of animal cells through an Arg-Gly-Asp (RGD) sequence. It also binds thrombin-antithrombin III complex, plasminogen activator inhibitor-1 , and terminal complement complex, whereby it may regulate blood coagulation, fibrinolysis, and cytolysis. Our knowledge of vitronectin is mainly based on in vitro experiments using human blood vitronectin.
The primary structure deduced form the human CDNA sequence in 1985 (9, 28) provided the structural basis for the actions o f vitronectin.
Since our establishment of a simple method to purify Immunofluorescence microscopy. Plasmodia of Physarum polycephalum cultured on the surface of 1.5% agar were obtained by reactivation from sclerotia, which were a kind gift from Dr. M. Ishigami (Shiga Univ.). The plasmodia were fixed with a periodate-lysine-paraformaldehyde fixative (2% paraformaldehyde, 10 mM sodium metaperiodate, 7 mM lysine, and 38 mM sodium phosphate buffer, pH 7.4) (17) for 2 h at room temperature. The specimens were permeabilized with 0.5% Triton X-100 in PBS for 10 min at room temperature, then rinsed thoroughly with PBS. The specimens were infiltrated with Holt solution (0.88 M sucrose, 1% gum arabic, and 0.1 mg/ml thymol) for 2-18 h at room temperature and ene glycol and 2.3 M sucrose in PBS for 3 h at room temperature. The specimens were cut into pieces of about 2x2x2 mm3, placed on a specimen holder of a cryosectioning device (Reichert-Nissei FC-4E; Nissei Sangyo Co. Ltd.), and frozen in liquid N2. Ultrathin frozen sections were made, and immunolabeling was performed according to the method described in our previous report (26), with some modifications.
Briefly, the sections were treated with 0.05% Tween 20 and normal goat serum for 10 min to avoid non-specific staining. Primary antibodies at a final concentration of 1 : 200 in 0.05% Tween 20 and normal goat serum were then allowed to react for 2 h at room temperature. (Fig. IB, lane 1) and purified Physarum vitronectin-like protein (Fig. IB, lane 2) on the nitrocellulose sheet. In contrast, no protein was recognized in rat heart homogenate (Fig. IB, lane 3) . On the other hand, polyclonal anti-rat pyruvate dehydrogenase complex IgG reacted strongly with the component enzymes of pyruvate dehydrogenase complex in rat heart homogenate (Fig. 1C, lane 3 (Fig. 1C, lane 1) and the purified preparation (Fig. 1C, lane 2 Physarum vitronectin-like protein hand, none of them showed homology with amino acid sequences of vitronectins from human, rabbit, and mouse. Interestingly, the sequence of peptide K-22 showed no homology with either vitronectin or dihydrolipoamide acetyltransferase; the highest homology found in a search using the protein sequence database was 58% with yeast GAC1 protein.
Thses results suggest that K-22 is derived from a unique domain ofPhysarum vitronectin-like protein.
Immunohistological localization of Physarum vitronectin-likeprotein in Physarum plasmodia. Animal vitronectins are present in blood plasma and platelets as a soluble form and in extracellular matrix as an insoluble form. In eukaryotic cells, the dihydrolipoamide acetyltransferase is located within the inner membrane of mitochondrial matrix (1). Physarum vitronectin-like protein is fractionated in insoluble fraction of Physarum homogenate, suggesting association with or enclosure in membranous organella (19). To examine further the localization of Physarum vitronectin-like protein, Physarum plasmodia were fixed, sectioned, and incubated with antibodies against bovine vitronectin or rat pyruvate dehydrogenase complex followed by fluorescein isothiocyanate-labeled second antibodies. As shown in Fig. 2 , anti-vitronectin antibody uniformly stained the plasmodia (except for vacuoles) in both longitudinal ( Fig. 2A) and cross (Fig. 2B) sections through a plasmodial strand. The protein was not restricted to the outer surface of plasma membrane or to mitochondria, in contrast to the expected localization for extracellular matrix or for pyruvate dehydrogenase complex. No gradient of labeling intensity was observed along the plasmodial strand. Similar staining patterns were obtained with anti-rat pyruvate dehydrogenase complex (data not shown). Nuclei detected with 4',6-diamidino-2-phenylindole dihydrochloride were also stained with anti-vitronectin (data not shown), suggesting-that Physarum vitronectin-like protein also exists in nuclei.
To examine the ultrastructural localization more precisely, immunogold electron microscopy of ultrathin cryosections was performed. The fine ultrastructure of Physarum plasmodia might not be well preserved due to the cryosectioning method employed, which was designed to minimize loss of the immunoreactivity of vitronectin-like protein. Anti-bovine vitronectin stained cytoplasm and nucleus ofPhysarum plasmodia (Fig. 3) , confirming the immunofluorescence observations (Fig. 2) . Gold particles were mainly localized in cytoplasm without significant enrichment in particular organella (Fig.  3A) . A few particles were §een in mitochondria in some specimens. The particle density was less in the nucleus than in cytoplasm. Similar patterns of gold particles were observed using anti-pyruvate dehydrogenase complex instead of anti-vitronectin (data not shown). The background signal on specimens processed in parallel but with preimmune serum was negligible (Fig. 3B) .
DISCUSSION
Physarum polycephalum contains the so-called Physarum vitronectin-like protein, which cross-reacts with anti-bovine vitronectin and has RGD-dependent cellspreading activity (19). The amino-terminal sequence of the protein, however, was shown to be distinct from those of animal vitronectins and partially homologous with dihydrolipoamide acetyltransferase.
We found that Physarum vitronectin-like protein was recognized by antibodies against bovine vitronectin and against rar pyruvate dehydrogenase complex (Fig. 1) . Further, not only the amino-terminal amino acid sequence (Table I ), but also 9 internal partial sequences (Table II) (Fig. 1C, lane 1) . These proteins might be Physarum homologues of the components of rat pyruvate dehydrogenase complex.
Immunofluorescence staining showed that the localization of Physarum vitronectin-like protein is homogeneous, with no variation of labeling intensity between the tip and end or between central and peripheral areas of a plasmodial strand (Fig. 2) . Immunoelectron microscopy (Fig. 3) 
